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1 Summary

This is a cyclic report on the quality of wind and wave observations from the radar altimeter SRAL on
board SentineBA and their timely availability for Cycle N624 (period from 28/10/2017 to
23/11/2017). The product under consideration is the Level 2 Marine Ocean and Sea Ice Areas (SRAL
L2MA)also referred to as S3A_SR_2 WAT that is nominally distributed in near real time (NRT). This work
covers the Cal/Val Task SRAMACWV230 (Wind, wave product validation vs models).

Radar backscatter (sigma0), surface wind speed (WS) and significant aigkie (8WH) from product

S3A SR 2 WAT are monitored and validated using the procedure used successfully for the validation of
the equivalent products from earlier altimeters. The procedure is described in Appendix A. The
procedure composed of a set oflseonsistency checks and comparisons against other sources of data.
Model equivalent products from the ECMWF Integrated Forecasting System (IFS) -aitd in
measurements available in NRfirdugh the Global Telecommunication System (GTS) are used for the
validation
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2 Events

The major changes and events that may had impact on the results of the validation of S&ntiimel
and wave products presented in this report are listed below (itentmld are satellite relateq:

1 16 February 206

08 Mar 2016:

1 09April 2016:

1 12 April 2016:

9 14 October2016:

1 17 November2016:

T 22November 2016

1 29November2016:

1 05December2016:

1 12 January 2017

1 28 February 2017

Launch of SentineBA

Model change to CY41R2. The main change is the implementation ¢
new 9km cubic octahedral grid £81279) for the high resolutior
configuration of IFS.

Switch SRAL to LRM Mode

Switch SRAL back to SAR diéo

Implementation of SRAL processing chain45¥%-2 version 06.03

Implementation of SRAL processingaseline (PB) 2.9vhich includes
processingchain IPF version06.07 and06.05 for Levell and LeveP,
respectively.

ECMWEF model changed to CY43R1. This change has almost no imj
the products assessed here.

ADF SR_2 CON_AX (@MVer. 006:SAR Sigma0 increased by 0.35
and PLRM Sigma0 increased by 0.1 dB

Implementation of further changes toi KS LINRP OSa a Ay 3
L2IPF(SMM O =SNX» nconpé

Implementation of Levell IPF version 06.09.

Implementation of PB 2.10 which includes: LexellPF version 06.1C
MWR IPF version06.03 and Leve? IPF version 06.06Updated
calibrations were introduced.
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T 12 April 2017 Implementation of PB 2.12 which includes LexelPF version 06.11 an

Level2 IPF version 06.07. The change targeted the generation of Le
1b-S products with no irpact on LeveR products.

T 11 July 2017 ECMWF model changed to CY43R1. This change has almost no imj
the products assessed here. However, it impacted the correct
computed from the model fields like dry and wet tropospheric correctic

All EBMMWF Integrated Forecast System (IFS) model changes are summarised at:
http://iwww.ecmwf.int/en/forecasts/documentationand-support/changesscmwtmodel
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3 Data Processig

The validation is based dahe NRToperational SentineBA Surface Topography Missiorvek2 (S3A

STM L2) wind and wave marine producgA SR_2 WAProduct For the time being, theroduct
distributed by EUMETSAT in netClbhFough ther Online Data Access (ODA) systamused after
converting into ASCII format but this will be replaceditre formal BUFR (Binary Universal Form for the
Representation of meteorological data) format whenever becomes available. The raw data product is
collected for 6hourly time windows centred at synoptic times (00, 06, 12 and 18 UTC).

The data are then avaged along the track to form supebservations with scales compatible with the
model scales of around 75 km. It is worthwhile mentioning that the model scale is typically several (4~8)
model grid spacing (e.g. Abdalla et al., 2013). This corresponds fndiMdual (1 Hz) Seml-3
observations (7 km each).

To achieve thisthe stream of altimeter data is split into short observation sequences each consisting of

11 individual (1Hz) observations. A quality control procedure is performed on each shoueseq.

Erratic and suspicious individual observations are removed and the remaining data in each sequence are
averaged to form a representative supaservation, providing that the sequence has enough number

2F Ga3I22R¢ AYRA DA R dz The stiperibSeNatibng are ofllbcatéd with tiie ghbdaléndt O @
the in-situ (if applicable) data. The raw altimeter data that pass the quality control and the collocated
model data are then investigated to derive the conclusions regarding the data quality eTdils df the

method used for data processing, which is an extension to the method used fe&# RRS&nalysis and
described in Abdalla and Hersbach (2004), are presented in Appendix A.

Thedataare closely monitored and verified using the ECMWF IFS modéupts. Similar products from
other altimeter missions are also used for verification. On a weekly and a monthly basis, the data are
verified against available igitu data in addition to the model data. Internal weekly and monthly plots
summarising theyuality of SentineB products for that week or month amdsoproduced, examined and
archived for future reference.

This specific report gives the assessment of Level 2 S3A SR_vildAand waveproducts made
available by ESA/EUMETSAT throBGMMETSAT @Dsystentovering Cycle N@24 (from 28/10/2017
to 23/11/2017).
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4 Radar Backscatter and Surface Wind Speed

4.1 Backscatter

Backscaer coefficient (° or Sigmad) from SentineBA S3A_SR_2_WAT product seems to be
reasonable and compares well with that from other altimeters. The backscatter global histogram (or the
probability density function, PDF) of Senti3& SRAL for thevhole of Gycle 024 (except the last two
days)is shown irFigurel. The shape of the PDF for this cyclsimsilar to that ofall previouscycles since
Cycle 012Sentinet3 FDF compares quite well with thosd other altimeters (after adjustingasor2/3

by about2.5 dB not shown)

The time series of the global (ifeee ocean only) mean and standard deviation (SD) of backscatter
coefficientsfrom SRAL of Sentin8A are shown irfrigure2. The temporal change in the mean and the
SD of backscatter is nohuch different than the other altimetergnot shown) The plot shows the
average of a moving window @fdaysmoved by one day at a time to produce smooth pldsth the
mean and the SD ohe backscatter are stable over the last few cycles

0.5 T T
--- ¢c023
— c024
04 1
0.3+ B
TR
[a]
o
0.2+ i
0.1+ B
0 | |

| | I 1
6 8 10 12 14 16 18 20
Sigma_0 (dB)

Figurel: Sentinel3A SRAL ocean Kiand backscatter histogram (PDF) over the wha@lobe and for the period
of Gycle024. For comparisonthe same plot fromthe previouscycle is showrasdashed black line.

4.2 SAR Mode 8rface Wind Speed

Figure3 shows the globaSAR wind speed PDF Sentinel3A for Gycle 024. The PDF of the pwous
cycle is shown for comparisoifthe PD& &f the ECMWF Integrated Forecast System (IFS) model wind
speed colloated with SentineB during the two cycles aralso shown. It is clear thahe PDF of
Sentinel3 wind speedis close to that ofthe model as well as the other altimeters (not shown).
However, there are some deviations mainly around the peak of the PDF
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Figure2: Time series of global mean (top) and standard deviation (bottom) of backscatter coefficient of SRAL Ku
band after quality control. Mean and SD are computed over a moving time window of 7 days.

Collocated pairs of altimeter supebservation and the analysed (AN) ECMWF model wind speeds are
plotted in a form of a density scatter plot Figure4 for the whole glolal oceanover the wholeCycle
024 (except the last two days)he scatter plots ifrigure4 and other similar wind speed scatter plots
that appear hereafter rpresent twodimensional (D) histograms showing the number of observations
in each 2D bin of 0.5 m/$¢ 0.5 m/s of wind speed. It is cledrat the agreement between Sentingl
winds and their model counterpart isery good with virtually no bia@xceptfor slight bias at high wind
speed values)sentinel3Awind speeds as good as that of thather altimeters The standard deviation
of the difference(SDD)with respect to the modelwhich can be used as a proxy for the random eiigor,
less thanl.l m/s (about 14% of the meanyhichis similar tothat of other altimeters.The other fitting
statistics are shown in the offset dfigure 4. The scatter plots for Sentin8l versus the model
collocations discriminated based on theeagraphical locations whether in the Northekemisphere
(north of latitude 20N; NH), the Tropics (between latitudes 2B and 20N) or the Southertdemisphere
(south of latitude 20S SH are shown inpanels (a), (b) and (c) dfigure 5, respectively The
contradicting bias behaviour 08RAL SAR moad®mpared to the model within the range from 7 to 15
m/s in the last fewcyclesbefore Cycle 01Tslight overestimation in NHversus slightunderestimaion

in the SH seems to beaeversed during the lastfew cycles with an evident underestimation in the NH
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but not as evident increase in the SHhisreversedbehaviouris a strong indication of a seasonal signal.
Furthermonitoring during the coming cyclds still needed to confirm tkiobservation

0.15
--- S3Ac023
--- ECMWF
—— S3Ac024
— ECMWF
0.1 -
w
o
o
0.05 4
0 1 1
0 2 4 6 8 10 12 14 16 18 20 22

Wind speed (m/s)

Figure3: Sentinel3A SRAISARsurface wind speed PDF ovdret whole global ocearand for the period ofCycle
024. The corresponding ECMWF (collocated with SeniB)elPDF isalso shown for comparison.The
02 NNXB a L2 y(RRAY ahd mdsl@)@rithe previouscycle are also shown as dashed lines.
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Figure 5: Same asFigure 4 but for Northern Hemisphere (latitudes to the north of 20N), Tropics (latitudes
between 20'S and 20N) and Southern Hemisphere (latitudes to the south of 2%), respectively.

The time series of the global mean and standard deviation (SD) of the wind speed from Seotirel
7-day time windowmoving by 1 day at a timare shown in the upper and lowegapels, respectively, of
Figure6. The corresponding time series of the moded also shown for comparisolit is clear thasince
early December 2018entinet3 meanwind speedsvery close to thabf the model The global stanard
deviation of the altimeter measurementgas almost the same as that of the model for a period of two
months. Howeverbetween early Februay and early July 201@nd the last two weeks of September
2017the standard deviation of the altimeter measuremés was slightly lower than that of the model.
This could not be correlated to any of thprocessingor model changegsee Section 2. During the
period from early July till midSeptember 2017the global standard deviations of the altimeter and
the model winds are almost equalvith a tendency for the model values to be lower than those of
SRALThe lastsixweeks witnessed higher SRAL SD valagain This will bekept undermonitoring and
investigaton during the coming few cycles.
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Figure6: Time series of global mean (top) and standard deviation (bottom) of wind speed from SRAlaml
after quality control. The collocated model wind speed mean and SD are also shown. Mean and SD are computed
over a moving time window of 7 days.

The time series of the wind speed weekly bias (defined as the altimeterdel) and standard deviation

of the difference (SDD) of SRAL compared to the ECMWF model AN are shown in the upper and lower
panels, respectively, dfigure7. Before the end of November 2016, the global wind speed bias was
stable at about 1 m/s. The impact of IPF chargpaiige of sigma_0 guart of PB 2.9 inlate November

is very evident ifFigure7. The bias in all areas collagkto very small values (well withfr0.4 m/s).It is

clear that the wind speedbiasin each hemispherdollows a seasonal pattern. The NH bias has its
minimum during July and its maximum during January. The SH bias pattern is the opposite

Until themiddle of DecembeR016(start of implementation of PB 2.9%he wind speed SDD values were
rather high compared to those of other altimeters (Senti8ebDD of 1:2.3 m/s versus 1:0.2 m/s for
the other altimeters). The values decreased with the implemeatatf PB 2.9and the increase of
backscatter value and apparently they are now in line with other altimefigrs. SDD seems to follow a
seasonal cycle in the NH and the Sirilar to those of the bias

Figure6 and Figure7 do not show any impacas a result of implementation d?B 2.10 which was
introduced on 28 February 2017. However, the positive impact is clear when the SDD between SRAL and
ECMWF model is compared $&Dvalues of other altimeters. Thisvgell demonstrated inFigure20in
Appendix B.
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Figure7: Time series of weekly wind speed bias defined as altimeterodel (top) and standard deviatin of the
difference (bottom) between SRAL #and and ECMWF model analysis.

The geographical distribution of the mean Sentielind speed and the wind speed bias, SDD and
scatter index (SI, defined as the SDD divided by the model mean and exprepseckimagen the last
pane) with respect to the ECMWF model averaged over the period of Ggdlare shown inFigure8.
While the mean wind speed, the SDD and Sl distributions all lodlarsitm their counterparts from
other altimeters (not shown), the bias in panel (b) is rather low almost everywhere.

The comparison against-gitu (mainly buog located in the Northern Hemisphere around the American
and European coagtmeasurementss sftown inFigure9. The overall bias against$itu observation for
this cycle is rather small (~2m/s). The SDD (a proxy to the random error) is abodi¥ in/s which is
~18% of the mean. These figures are comparable to samésstat emerging from the comparison of
other altimeters against hsitu observations (not shown)Vithin the scatter, it is possible to notice
that SRAL underestimates wind speedbove 7 m/s compared to the insitu measurements. This is
consistent with the model comparison in the NHF{gure5a).
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4.3 PLRM Surface Wind Speed

Collocated pairs of SRAL Pseudo Low Rate Mode (PLRM) wind speeabsapeation and the analysed

(AN) ECMWF model wind speeds are plotted inranfof a density scatter plot ifrigure10 for the

whole globe over the whole of CydlR4 (except for the last two days). It is clear that the agreement
between PLRM winds and their model oterpart is fairly good. The significant improvement noticed

for Cycle 012 and lost during Cycle 013 was recovered during the last few cycles but with a noticeable
minor degradation during the last three cycles
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@)

(b)

Figure8: Geographical distribution of mean Sentin8lwind speed (a) as well as the bias (b); the SDD (c) and the
Sl (d) between Sentinéd and ECMWF model AN duri@ycle 024. Bias is defined aaltimeter ¢ model.











































































